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FIELD OF THE INVENTION 

BACKGROUND OF THE INVENTION 

m «o nucleic acid action ^^^^^^^^ 
small amounts of nucleic acids. ^ H «^^S2 i o a«on oT genes for analysis, and detection of 
tnem for diagnosis of infectious and ^^^te'S^p.Scatlon techniques can be grouped 
specific nucleic acids as in forensic med, ^ P polyrtieras9 cha in reaction (PCR; R. K. 
according to the temperature requirements of the pncw^ ' " e vy , 1989 Genomics 4, 

SakiTa- 1985. Science 230, 1350-1354) *£2£Zl Act* SC. USA 88, 189- 

580-569; K. Barringer, et a.. * ^ £ Mil Acad Stt USA 86, 1173-1177) 

193), transcription-based amplification <0- Y- Kwoh. «J[- ^ M cycling . , n contrast, methods 

and restriction amplification (U.S. Patent No 5,1 0^84)^u, e t P ^ ^ ^ ^ 8g 

such as Strand Displacement Amplication >^^%?Z* W . M and EP 0 497 272, all three 
392-396 and G. T. Walker, et al sequence replication 08* J. C. 

disclosures being incorporated herein by ^ nc ^"^ and the Q „ rep |icase system (P. M. bzard., 
Guate.ll, et al. 1990. Proc. NatL Acad SciUSA 87 In addSon. WO 90/10064 and WO 

et a i. 1988. BioTechnology 6. 1197-1202 ) are lor isotherrTia , re p.ication of nucleic 

9V03573 describe use of the ^^Z£ZJ^ZLof sequence-specific oligonucleotides, 
acids. WO 92/05287 describes a method f '"Jj^^ selective | y cleave the opposite strand. The 

^SSS^SS cTaracteristic of amp.ification reactions such as 

" ^ conventional SOA reaction is conducted ^^Z^Z^^Z S 
30 This is because the exo" klenow DMA Vfl«^^^J^ the Ration are therefore inac- 
are thermolabile (temperature sensitive) ^J^SZm the ability to conduct isothermal amplification 
tivated as the reaction temperature is possible could have several advantages, 

reactions such as SDA at higher temperatures than P™£^ annealing bet ween amplification 
Amplification at elevated temperatures may allow for rno« , stnng .^.^ pf0cess Background 

primers and template DNA. *° reb * 

reactions could also be reduced as *J^^^mTSm!n' which are generated when the amplification 
source of background reactions are the short ^^L ^^Ly impair the efficiency of the 
primers interact with each ^fJ^JJ^ZZZoi such primer dimers is more likely at 
'desired, specific amp.ification of ^^^^^eZtion allows increased transient hybnd.zat.on 
,ower temperatures because the '^*^^ r J 9 |0 CO nduct SDA at higher temperatures could 
between sequences with limited homology. The ab.lrfy to c efficiency of specrfic 

penally reduce primer dimer 

target amplification. In addition. «^^^SSease the efficiency of target amplification and 

sequences have been denatured by heating. a||ows amp , jcons from a prior 

dUTP may be incorporated into amplitied t0 b9 rendered unamplifiable by 

ampHfication which may contaminate ** can be used regardless of 

treatment with uracil DNA glycosy.ase <^™^£dT£ SDA reaction. However. SDA amplification 
the temperature at which the ampl.cons ^ ^T^X'C) may contain a high level of nonspecific 
products generated at lower temperatures (Ke.. 37 C g to « * ^ ^ 

background products. Decontamination of *J^^SnT«« m ***** 0< *" »T, 

, inhibit elimination of contam.nating temperatures, by depressing the amount of 

contamination procedure. 
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.nzymes «»a »» » " , ^ 0 „ eflcently in M s«n» »" ^.j,^ 2 > incorporate Ihe 

dissociating and terminating re cognition/cleavage site when me a „, yme ra8e to 

ciiMMARY OF THE INVENTION 

t ^nl«on/d.»W'« »«"^ capabto ol extending » ™ s D 7„* 0 d »Mch, by 
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ESCR.PT.0N OP .» fles supra) . 

primers illustrates linear SDA. 



DETAILED DESCRIPTION OF THE INVENTION 
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endonuclease which w,H iw* one ^ A hem.mod.f ed recen t ^ 



EP0 684 315 A1 



20 



25 



however, hatt of the recognition/cleavage nrte ^ "JSd hemimodified W ti0n/c,eaV T O nSase 

which disp.ay «• ^ firibove about 40'C. . acids by restriction 

55 relatively ^ erm0,ab, ^^' n hv^DA may be prepared by fragrr.ent.ng lar ger nuctac aaa ^ 
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reaction be generated as ^ by ^--^ ™ ri u s L p r c 

5270,184 (hereby incorporated by reference . Briefly. ^ the > 9 , fication prim ers and two (B, and 
primers are hybridized to it. Two of the primers ^ ^ nuc.e.c aods 

B 2 ) are external or bumper pnmers. S, and & bind to opp 9 6 - (i9 ., upstream) of S, and S, 

A Lg the target sequence. B, an I ft ^ ^ ^d to simultaneously extend all four pnmers 
respectively. The exonuclease deficient polyme rase is tne deoxynuc | eosld e 
n?he presence of three deoxynucleos.de triphosphates an * sion ducts of S , 

p^phatMe,.. 2-deoxyadenosine extension of B, and ft - The 
arid S 2 are thereby displaced from the original targ * »Q sefv9 as a targe » s for tending of 

displaced, single stranded extension products of ^wW™ P Qf g) binds Sj and fc) The next 
the opposite amplification and ^mp^r primer (e.g the extensio p ^ ^ 

cycle of extension and diplacement results m twc d ub.e si ra ^ suitable substrates f 

nSfied restriction endonuclease recognit,on/c.ea i ag J^J^on reaction occur concurrently 

^^r:r;r^r=.r,« «— — — - — 

0US ly enter the SDA cycle and are amplified arn plHication products of another dUTP 

To prevent cross-contamination % dTTP Without inhibition of the amplification 

may be incorporated into SDA-amphfied recognized and inactivated by treatmen 

faction. The uracil-modified nucleic acds ^J^J^SSTdNa!. a prior reaction, any subsequent 
with UDG. Therefore, if dUTP is incorporated into SDA amp^ iafgets ^ ^ dU 

SDA reactions can be treated with UDG prior to arnplifica io i ot The target DNA to be 

ZJZ DNA from previous.y J^d tiS ^ be affected by the UDG jjjjjjjt 

amplified in the subsequent reacfion does no contaj a ^ target A | te rnat.vely. UDG may 

=1^^ - - — ~ * 50>c) can * used 

stranded nS in dou'b.e stranded nucleic ^template. The polymerase must 

gating a new complementary strand using the u nnicked st ^ r ^ ^ d^ftjjj. 

extend by adding nucleotides to a free 3 -OH To optm ^ ^ ^ ampllfted . Highly 

no ymerase be highly processive to maximize .the length o, jge q ^ ^ 
pSessive po.ymerases are capable * P 01 *^ acthSy is essential to the amplificafion 

a d terminating synthesis of the ^Z^M^^ c( * ieS «* 9 enerateS ^ "J* 
reaction as it makes the target available for synthesis ; or ^ ential arnp , lfica - 

Sded extension product to which a second -P « ^ XnJ which perpetuates the react,on 

sr^s^ 

merasS « any exTsted. The screening system is an nick in . double stranded 

poly^se to displace a downstream strand '^.^^^^ essential for SDA. However. «MT ex- 

^nuclease activity in a polymerase is to Jexonuclease activity, and inactivate it by 

adjacent pnmers and lacKS d o 



30 



35 



EP0 684 315 A1 



c . o. ^nnrlflase activity but cannot initiate extension at 
produc ts wi.l be detected. H the polymerase ^ J* the extension product of the 
L nick (e,., it ^^T£Z£ZZ*m~ ^ a nick but has 5-, exonuCease 
STTgS: "vrextension ^^^^S^ -ired chanties . use in 
The following polymerases ^^^^ S exo- Deep Vent (New England Bio.abs). Bst (BioRad . 
th e invention: exo" Vent (New ^ Q^de Taq (Promega). Others may be routinely 

exo- Plu (Stratagene), Bca (Panvera) a *Sjj encn° ^ .^.^ h 

identified using the foregoing extens.on assay wrara polymerases Tth (Boehnnger), Tfl 

polymerases wild be suitable for use ,n ^^ 
a (Epicentre), REPLINASE (DuPont) and REPLITHERM (tpjee , after remova| of 

° J P - exonuciease activity. These P°*""^^ po.ymerases identified so 

the exonuciease activity, e.g.. * ^^'^^cad activity at 50-C-60-C. However, as the 

initiate extension. Restriction ^ donucle ^ S .~ * e for the restriction endonuclease ("nicking ) Be- 
20 double stranded hemimodified recogn,ton/cleavage site to ^ Qf ^ ^ ds , n 

cause restriction enzymes ^^ t f^J^SS^^ USUa " y a «»™P' ishe « by IntroM 
the duolex of the cleavage site must be selectively d f tne DNA during synthesis 

rc.eo5de ana.ogs (e.g.. deoxynuc.eos.de [^TS^^ ^ — °' 
so that the modified strand is no longer susceptibte to cleavag ^ clew ln cases wn ere the 

analogs may result in the unmodified strand being no susc ^ incorpo rated during synthesis of 

TmoSied strand is protected from cleavage n£*» •?» t % M anal0 gs to the amplification 
the primer to cause nicking, thus Mating the need to h nucleo tide analogs. 

SbK "and the requirement that the P^J^S^EE J al. restriction endonuclease^ 
Nucleotide analog substitutions do not . protect the pnm endonouc | ea ses was therefore 

however. A means for assessing the n.ck.ng «entf cs o thermophilic restriction en- 

eq u!red in order to identify suitable enzymes uo***» ™V ^ thermop hi,ic restnc on 

nicking assay or the strand protection assay. com _ |ernentary primer are synthesized. The template 

n the assay, a single stranded template and a Mr and template are hybridized and 

and Jhe primer are then labeled, preferably w,th a rad.o.abel Thep^e 

rdL^TPs are incorporated by ^^^^Z -* ™ product is treated with 
m containing a hemimodified restriction endonuc ease recog dMMQe . Electrophoretic analysis of the 

45 moS or unmodified) was protected from cteavage SDA described by Walker, et al. (1992 

Thermophilic SDA is performed essentially « ^L^ £ desired thermostable polymerase and 
PNAS ^ Nuc. Acids Res., supra), with substW ^ Mhe d reacfon ^ ^ adjust9(j , Q the 
ZLab.e restriction endonuclease (X ^r^^JTSSi Hind restriction endonuclease reeogr* 
higher temperature suitable tor ^^^^Z^ endonuclease recognition/cleavage site or 
» Ln/cleavaqe site will be replaced by the appropriate re f ,c ™ , , he pract itioner may include the 

he slcte? thermostable endonuclease. Also ,n <^*^j£f^ «• sufficiently stable at the 
Tnzym n £ reaction mixture prior ^•^SSSXS S^nop»c SDA are Bsrl. BstNl, 

srs r= The pre,erred thermop 

55 ^de^^zed SOA system capable of hi ? 
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,. a Triq buffer with 10 mM MgCI 2 . It may also 

S^oSTSod-W restriction -"J^XS^ "PP" both nicKng by the 

When evaluating a buffer system for use witn i ' buffe r for the restriction enzyme. Using a 

IflftSttil 

tlon.ofMg<*«ndKPO»v^provKte^J^^ ft Qf ^ compon ents provides optonum 
examine, -<«""^ ^ ^ ^ 

SE^I« l!i f entjonal SDA „ e ose ,u, for thermophiHc SO, The buffer 
12 methods for buffer optimization for conven ona SDA are SDA was P-^J-J 

suitable for thermophilic SDA. eixner « 
these components (see Example 5). 
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Rxn# 



10 



11 



12 



13 



14 



15 



16 



17 



18 
19 



20 



21 



22 



23 



24 



25 



26 



27 



,28 



29 
|30" 



Temp (°C) 



50 



50 
50 



50 



50 



50 



50 



50 



50 



60 



60 



60 



60 



60 



60 



60 



60 



60 



60 



70 



70 



70 



70 



70 



70 



70 



70 



70 
70 



dNTP or dCcTP mix 



ImMdNTP 



1 mM dCTPaS mix 



0,2 mM dNTP 



0.2 mM dCTPaS mix 



1 mMdNTP 



1 mM dCTPaS mix 



MgCl 7 



8mM 



8 mM 



4 mM 



4 mM 



5.2 mM 



5.2 mM 



0.2 mMdNTP 



0.2 mM dCTPaS mix 



0.2 mM dNTP 



0.2 mM dCTPaS mix 



1 mMdNTP 



1 mM dCTPaS mix 



0.2 mMdNTP 



0.2 mM dCTPaS mix 



2 mM 



2 mM 



2 mM 



2 mM 



8 mM 



8 mM 



4 mM 



4 mM 



1 mMdNTP 



1 mM dCTPaS mix 



5.2 mM 



5.2 mM 



0.2 mM dNTP 



0.2 mM dCTPaS mix 



0.2 mM dNTP 



0.2 mM dCTPaS mix 



1 mM dNTP 



1 mM dCTPaS mix 



0 2 mMdNTP 



0.2 mM dCTPaS mix 



1 mM dNTP 



1 mM dCTPaS mix 



0.2 mM dNTP 



0.2 mM dCTPaS mix 



0.2 mM dNTP 
0.2 mM dCTPaS mix 



2 mM 



2 mM 



2 mM 



2 mM 



Polymerase (1 unit) 



Bst 



Bst 



Bca 



Bca 



exo-Deep Vent 



exo-Deep Vent 



exo- Vent 



exo-Vent 



exo-Pfu 



exo-Pfu 



Bst 



Bst 



Bca 



Bca 



exo-Deep Vent 



exo-Deep Vent 



exo-Vent 



exo-Vent 



exo-Pfu 



exo-Pfu 



8 mM 



8 mM 



4 mM 



4 mM 



5.2 mM 



5.2 mM 



2 mM 



2 mM 



Bst 



Bst 



Bca 



Bca 



exo-Deep Vent 



exo-DeepVent 



exo-Vent 



exo-Vent 



exo-Pfu 




Po.ymerases which were ab.e to extend both = with * 
synthesized strand generated two bands on the ^ogrp^. TheW band p ^ ^ 

PBR1 to the Hindi site of the digested target , plasm, d ^J^'^SZ^^ When only one 
the extension product of PBR2 extended to the Hindi site ana .5 . 

the only band 
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^ not be * SDA. . W » «~ --^X^E^TlS 

thermophilic SDA are summarized in the following table: 



POLYMERASE 



30 



35 



40 



45 



STRAND 
DISPLACE 



Bst (B. stearothermophilus) 
Bca (B. caldotenax) 
exo-Vent (Thermococcus litoralis) 
exo-Deep Vent (Pyrococcus sp. GB-D) 
exo-Pfu 

Tth (Thermus thermophilus HB-8) 

Tfl (Thermus flavus) 
Replinase 
Replitherm 

Taq (Thermus aquaticus) 
Sequencing Grade Tag (Thermus aquaticus) 



Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 

Yes 



S'-^-EXO 



OPTIMUM 
TEMP 



No 
No 
No 
No 
No 
Yes 

Yes 
Yes 
Yes 
Yes 

No 



65 
65 
72 
72 
72' 
72' 

72' 
72 
72 
72 



C 
C 

■c 
■c 
•c 
•c 

c 
c 
c 
•c 



SOURCE 



72'C 



BioRad & MBR 
Panvera (Takara) 
NEB 
NEB 
Stratagene 

Boehringer Mannheim & 

Epicentre 

Epicentre 

DuPont 

Epicentre 

Perkin-Elmer Cetus, USB 
& Boehringer-Mannheim 
Promega 



Bst polymerase (BioRad) and * ^J^£^TZ 7 IZZZS* 

merase) produced both extension products . . th .assay. Of the P y ^ ^ 

only these two exhibited all of the requ.red attnbutes * mDerature range 50 -C to 70 -C. The 
incorporation of thio-substituted ^«^>2^^S^ £ entire range o. 50'C 
Bca and Bst polymerases are therefore useful *™^ ses (Ex0 - Vent, exo" Deep Vent 

to 70 -C under normal buffering conditions. A second group > 0 <W™ \ but failed t0 produce 
and exo" Phi) produced the PBR2 extens.on product acrcss the temperatu e g^ ^ ^ qJ 

significant amounts of the PBR1 extens.on ^"^Vw-C and only a small amount was detectable 
the 244 nucleotide PBR1 extension P^«*j£ S?J£on products was produced at 70- C. 
a, 60 -C. However, a significant amount of each of temperature dependent activities 

These results indicate that displacing activity thio-substituted 
for Exo" Vent, exo" Deep Vent and exo Pfu. The V we f ' J T P he ^^erases in this second group 
deoxynuc.eotides and had all of the <^2^TS^^«^ which is functional at about 
are useful in thermophilic SDA ,n conjunct™ has a temp erature optimum at about 

70-C or higher, preferably with a restriction , ^Jj^* ^ er temP eratures by addition of a 
70 -C. Alternatively, their displacing activity can be enhanced 

solvent, such as about 15% glycerol or about 15j. °™*X REPLINASE and 

Only the PBR1 extension product was Jjn j£n ^^ M{e \ &i these po.ymerases are 
REPLITHERM polymerases were tested m the amy. > ne» exonuclea se activity. With selects 

ss: zsvzssz M * H «. m ~ - * 

also useful in thermophilic SDA. 



EXAMPLE 2 

» STRAND PROTECTION ASSAY FOR SCREENING OF RESTRICTION ENDONUCLEASES 

Oouble stranded o.igonuc.eotides «^ j^^^ 
endonucleases were constructed. The ^^^E^^i «*™ ««* 
ing a common primer 16 nucleotides in length (SEQ IDNOl or «=u ^L^^^ sit9S ,„ tandem, 
44-57 nucleotides in length. Each template strand comainea w 

oositioned on the oligonucleotide 

usually with fi.ler sequences in between each site, ^"gj^^^ be distinguishable by size 
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these were tested. The templates synthesized were as follows: 

CDAvalSI (SEQ ID NO:3): 
5 5'-TACAATAGTCCCAATCTACCCGAQCTTACACGGAG6CATCAAGTG-3' 

CDAva2S1 (SEQ ID NO:4): 

5.-TACAATAGTCCCAATCTACTCGGGCTTACACGGAGGCATCAAGTG-3- 

10 

TP-1 (SEQ ID NO:5): 

5'-CCGGAATTCGAATGCCAAAAGACTGGGTCTCCAGGAACCAACTCGGCCGGATCCGC-3' 

)5 TP-1C (SEQ ID NO:6): 

5.-CCGGAATTCTGGTTCCTGGAGACCCAGTCTTTTGGCATTCACTCGGCCGGATCCGC-3- 



20 



TP-3 (SEQ ID NO:7): 

5'-GGAATTCCGTCCCAGTGATGAAGATCGCAGCGCCCGAGACTCGGCCGGATCCGC-3' 



25 5' 



TP-3C (SEQ ID NO:8): 
'-GGAATTCCCTCGGGCGCTGATCTTCATCACTGTCCCACTCGGCCGGATCCGC-3' 



TP-4 (SEQ ID NO:9): 

5 ,GGAATTCCCGAGGAAGGTAGACGCMTGGCGGCACTCGGCCGGATCCGG-3- 



30 



TP-4C (SEQ ID NO: 10): 
5'-GGAATTCGCAGCCATTGCGTCTACCAACCTCGGGACTCGGCCGGATCCGG-3' 

35 SSP-BSMA(SEQIDNO:19) 



5'-GAGMTTCGTGGACTGCAGATGTCTCCAATCC These templates 

SEQ ID NO:1 primes SEQ ID NO.5-10 and SEQ ID I NO.2 .P"™ , Bsa| BsaBl , BsiYI, 

contS recognition/deavage sites for the ^^^7^r^L sites). BsoR, Bsr. 

ge. slices using standard methods. They were ^^STES- «™* — contain9d 2 UL °' 
, 5 Adenosine triphosphate fo, NEN-DuPont) primer or 
10X kinase buffer (New England B.olabs 10 U.L * *J ^ ynucle otide kinase (New England Biolabs). 
template to give a final concentrate of 1 uM. 20 unjs ™ po y ^ ^ ^ for 3Q 

and water to make a total reaction volume o 20 uL Hnase rea ^ ^ tQ each 

then terminated by heating in bo.l.ng water fo ^ 5 ^; h ^ rotnioate . subs ti»uted nucleotides, produc-ng 
so templates and extended using ^.^^SUa sites were hemimodified. Derivat,zed 
a double-stranded oligonucleot.de .n which the a J recogniti on/cleavage s,tes ,,n 

dNTPs were incorporated into one or the ortier of the two * and template were then 

different experiments to test the effect on ^^Z^^^e S) . and 11.5 uL of deionized, 
annealed by mixing 2 uL of each. 1 uL of R ^JJJjT ube This mixtur9 was heated for 3 mm. m a 
55 distilled water in a closed 0 5 mL P^W^^^^,^ the water bath from the heat source, 
boiling water bath, then allowed to .cool Jowly to 37 C b -rem g ^ extende(j th 

^Td^ 
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10 



15 



20 



one »*T, ,1-1. - — ZXZZXZZZ 

» - » - - - - 

terminated by heating at 75 -C for 10 muv appropriate buffer for restriction endonudease 

After extension, aliquots were dilu ed 10W«J« ^nuclease. The final concentration of DNA 
activity as recommended by the supply of initiated by adding 5-10 units of the 

molecules in the assay was 10 nM. Strand P™*™ 35 y were incubate d at the temperature 

appropriate restriction endonuclease to ^ !~*"™^ Samples were removed at regular intervals 
recommended by the supplier of the restriction stop solution (U .S. Biochemicals) to 

and added to an equal volume of "f^^S 

quench the reaction. Quenched samples «™ °" ™™ '^"acry lamide, 7 M urea DNA sequencing 
Seated in a boiling water bath for 3 mm anc 8 *P-W ^ of 57W for 

g eis in Tris-borate buffer (Gibco-BRL). Ba ^^^Z^ i US ing Fuji RX grade x-ray film. 
! hour. Radiolabeled DNA bands ^^£^£^2^ which completely or nearly complete y 
Of the thermophilic restr.ction ™' ° entifieo in tnis stu dy: They are listed in the 

nicked the hemimodified ^°9 n f° n/c ^ 

following tab.e. In some cases, only "^^TS ° f the recognition/c.eavage site in the 

when hemimodified in the ^rand protection assay^ T he po ^ ^ phosphorotnioat e 

templates is indicated by -ff^ p ^ ne arly complete protection of the denvat.ed 

— strand SSS*^ sub.tution is .isted. "None" indicates that no 

SScSeotide substitutions were found which resulted in nicking. 
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ENZYME 


TEMPLATE 


RECOGNITION 
SITE t 


DO riTPPTTfYN 

WITH dNTPaS 


AccI 


SEQ ID NO:9 


1 1 oo 


r 


BsU 


npA TT\ XTfVG 

bbQ id r^u.y 


7-17 


c 


BsmI 


SEQ ID N0:5 


l n i ^ 


C - unmodified 
strand protected 




SEQ ID NO:6 


35-40 


A - modified strand 
protected 


BsmAI 


SEQ IDNO:5 


Z/-J1 


G+T 




SEQ ID NO: 19 


00 7 1 
LL-j 1 


G 


BsoBI 


SEQ ID NO:/ 


J J -JO 


None 




SEQ ID NO: 10 


OQ 


c 




SEQ IDN0 3 


i y-is* 


T 




SEQIDN0:4 




c 


BsrI 


SEQIDN0:5 


07 7fi 


None 




SEQ ED NO:7 


Iz-lo 


A 


BsrDI 


SEQ ID NO:9 




None 




SEQ ID NO: 10 


1 J 1 o 


T 


BstNT 


SEQ ED NO: 5 


31-35 


None 




SEQ ID NO:6 


15-19 


A+C 


BstOI 


SEQ ID NU.!> 


31-35 


None 




SEQ ID NO:6 


15-19 




BstXI 


SEQ ID NO:5 


15-27 


T 


Mwol 


SEQIDNO:9 


23-33 


G+T 


t Recognition sites are given in nucleotides from the 5" end of the template 


strand 
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10 



15 



20 



25 



•♦•^ o; to in qfh in NO-5 at position 10-15 for Bsml exhibits 
„ is interesting to note that the - s nlked Th Suggests the possibility of using 

except Mwol. It is possible that this enzyme d ssoc.ates «~ JJ^™ , es) the 1irst extension 
or is not abie to nick the site again (i.e., to "M***^ SS^W site. Alternatively, Mwol 

above, making Mwol also useful in thermophilic SDA^ substitution 

decontamination methods. BsoBI, BstNl ana BsmMi wero y conditions. 

the site can be 

altered to overcome the effect of dU on the nicking ^ ^*™%™ have partial or low nick ing activity 
Several thermophilic restriction endonucleases were identified wnicn nave p 

U nder the initial screening conditions ^2 ^^,, by 

activity of these endonucleases may be opt ,tt ^^^L tnem more useful for thermophilic 

not nick under the conditions of this example. 



EXAMPLE 3 
35 LINEAR THERMOPHILIC SDA 



40 



45 



55 



polymerase and the restriction endonuc ease are ^^^^Z^ease dissociates after 
CCA^CTCTGAC^GAQCQT(XCA6rGTCAATACQQCGGAGCCTATGGAGTAACQCC 

hybrid, to each ^^^^^^^ ' SndS " 

Th ey were then extended , to forrr ^^^^^ .-Vlabe.) and Z- 

conventional deoxynucleotides J^ T ™ duplex waS 92 nucleotides in length. Bsrl en- 

deoxyadenosine 5'-0-(l-th.otnphosphate) (dATP«S). This aup ex wa unmodified strand of 

donuclease was then added to start the , «£«ttr .reaction ^^^^ the modified 
the recognition/Ceavage site between me ^J^^^^TL 5'-3' direction, displacing a 
adenosine. The polymerase then in.bates ^^^»J^^ n p i yinito( ^ the endonuclease 
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10 



15 



20 



25 



30 



, >k ha d r tn the nick This does not interfere with SDA, however. 

zx^^z^^^ copies of the 70 nuc,eo,ide extension 

product from each duplex initia lly pre* r* ,n the react|on. ^ ^ ^ pH ? 6; g 

SDA reactions were performed at 60 C in ^ * L o Mp , dCTp (3000 Ci/rnrno l); 50 nM 

MgCI 2 ; 50 mM KCI. 0.5 mM dCTP, TTP. dGTP and ?^ S " ^^^^p i.) were removed from 
ea^hongomer; 50 units BsHendonuc,^ )^ trophoresis on 

the reactions after 5. 10 and 20 minutes^ Labeieo p oau reactions contajned 

denaturing po.yacry.amide gel and visua zed ^^TsO^ons Bsr. was omitted. In a third 

sr 0 f«^^ (ioo ' c ' 5 min -> aftef ,ormation of the 

duplex and prior to addition of the ^ ^"^^^ in the first reaction series at the first time 
The expected 70 nucleotide extension product was detect d .n t d g2 nucleoti des 

point (5 minutes) and thereafter. A band •TJ^^ J^r^I K nucleotide reaction product, 
long, could also be seen. The second senes ^^J^ ™^ ucts could be generated. The third 
as without the nicking ^rf^JL^J^SS £f a faint band 70 nuclides in length 
series of reactions showed only tuckmg of ^^^J^ u y namplifie d duplexes initially present in 

— - — *™ the ,ilm density t0 

be approximately 1 min" 1 . 
EXAMPLE 4 

EXPONENTIAL THERMOPHILIC SDA 

BsoB, (isolated by New ^ 
Corporation, Coned from Bacillus caldotenax) were used ^^^^ t0 ser ve as the two 
target sequence by thermophi.ic SDA. ^P^S"^.^ u.L, containing various 
single strands of a double stranded targe sequence (SEQ ^O^Bon mixtures. Some reactions 
concentrations of this target sequence was added t each of V > (gEQ |Q 

sroiri * - *- — - as - 

one strand 

protruding single stranded 6> °^ ens * n J SSl^S^ a double Stranded hemi " 
renders a completely double-stranded fragment 03 J^^g" j nybridizes t0 tn9 opposite strand of 
modified BsoB. recognition/cleavage s.te. S.m larty pnmer XBso » ,„ stranded 5 - ends. 

rKsrrs?; s's^rrjr 1 .^ -i- ^ . dou b ,e 

stranded hemimodified BsoBI recognitio^cleavage srte ^ denature ^ target ONA, 

The reaction mixtures, m.nus Bca and Joft J^ for 3 minutes , 4 units of Bca 

then cooled to the reaction temperature of 60 C. Aftej equ ^ ^ concentration of 

polymerase and 18 units of BsoB. were added pH 7 . 6; 1375 m M each dCTPaS. 

reagents in the reaction mixtures <f;nal volume 50 uL) ^ 25 mM N P ^ ^ xBsoB1 . 1; 

dATP. dGTP and dTTP; 100 ug/m acety ated bo ™° ° ^ arn p lif j C ation reactions were 

0.05 uM XBSOB1-2; 16 units BsoB., 4 unrts f^ ^'XTa boiling water bath for 5 minutes, 
anowed to proceed for 1 hour, then st otf»£ ^"V 0 ^ aliquot of each reaction was removed and a 
Amplification products were detected as *J^ A .^ 8 q the prinw t0 any amplification products 
labeled primer (SEQ ID NO:16) was ^J^^^^^ as described by Wa.ker. et 
present, the primer was extended to d^nos -c J^-^S^ were added to the aliquot, which 
al. 1992. Nuc Acids Res., supra. Ten uL of « ' " D0 | yaC rylamide gels for analysis, 

was then heated. Ten were electroph^ were 1} M nucleotide s. 

The predicted lengths of detectable <*?™?°£™ ™ amolification product, and 2) 81 nucleotides, 
produced'* extension of the primer <« *^£SZ£ Zg^JL* was sufficiently sensitive 
produced by extension of ^^Z^^^JL* of target sequence were added to 
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EXAMPLE 5 

COMPARISON OF CONVENTIONAL AND THERMOPHILIC SDA 

Hindi (Reaction Condition A) 

45 mM KiPO*. pH 7.6 
10% DMSO 

0 25 mM each dATP«S, dCTP, dGTP, dTTP 
100 ug/mL acetylated bovine serum albumin 

p^er/target comp.ex (SEQ ,D NO:17 and SEQ ID NO:18) 

150 units Hindi 

10 USB units exo" klenow polymerase 
0.01 mCi a- 32 P-dCTP 

BsoBI (Reaction Condition B) 

25 mM K,P04,pH8.3 

0.25 mM each dCTPaS, dATP, dGTP, dTTP 
100 ug/mL acetylated bovine serum albumin 

£ mS£L* compta. (SEQ ID NO:15 and SEQ ID NO:13 complementary strand) 

16 units BsoBI 

4 units Bca polymerase 

0.01 mCi a- 32 P-dATP 

BsoBI (Reaction Condition C) 

25 mM KiPO*. pH 8.3 

0.25 mM each dCTPaS, dATP, dGTP, dTTP 
100 ug/mL acetylated bovine serum albumin 

HI pSr/target compiex (SEQ ID NO:15 and SEQ ID N0:13 complementary strand) 

16 units BsoBI 
4 units Bca polymerase 
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0.01 mCi a- M P-dATP minutes to denature the target DNA and 

The reaction mixtures (minus the enzymes) ^e d fo 3 mnutes to O ^ ^ ^ 

cooled to the desired temperature ^J«^^^^SS Z the extension reaction was 
BsoBI). After equilibrating for 3 minutes. 2 uL <* P**™ d t 35 nucle otides in length 
aliowed to proceed for 20 minutes to produce a completely d °"We strand g ^ then 

,or the Hindi system and 103 nucieot.des in length for ^th ^BsoB. sys ^ 
removed to 5 uL of stop solution as a contro ^ „ 5> 20 and 60 minutes. For 

endonuc.ease was then added (2 ^ e ^ n ^ l ^L poi* were added directly to 5 
BsoBI, time points were taken at 1. 3. and 6 minutes. Ahquots to ^ ^ ^ for 

U L of stop solution. The sampies w »*, ,he ^ h !T^ ( ^^Se^L»ly^ B d by -ifomdiography. 
electrophoresis on a denaturing popery -lam.de were the full length intact 

The expected reaction products for the Hindi «w™ amplification product 60 nucleotides in 
target mo.ecu.e (85 nucleotides in ^f^^^ .^target (103 nuclides in leng*) 
length. The expected products for the BsoBI ™*™£*s were detected. However, there was a marked 
and an 81-mer amplification product. All of k|enow system and the BsoBI/Bca system, 

difference in reaction rates between the convent* J^"*^^ detectable le ve. of nicked, diplaced 
The Hindi readion required ^^sT^rZ^^ 6 minutes to generate detectable 
SE£ " "on conditions tested for the BsoB, system. ReaCon 
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• , Mnri nroduced an improved rate of amplification as compared to 
Condition C with a lower concentrator, of MgCfe produced P 

Reaction Condition B. 

SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i , APPLICANT: BECTON , DICKINSON AND COMPANY 

( A , NAME: BECTON, DICKB6CN AND CCMPANY 

(B) STREET: 1 Becton Drive 

(C) CITY: Franklin Lakes 

ID) STATE: NJ 

IE) COUNTRY: US 
(?) ZIP: 07417 



20 



25 



30 



35 



TITLE OF INVENTION : STRAND DISPI^CEME^ AMPLIFICATION USING 
THERMOPHILIC ENZYMES 

(iii) NUMBER OF SEQUENCES: 19 



(iv) 



(v) 



COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Floppy dlS * 
B COMPUTER: IBM PC compatible 

lC ) OPERATING SYSTEM: PCOOS/MS ^DOS ^ ^ 

(D) SOFTWARE: Patentln Release 



CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 



(2) INFORMATION FOR SEQ ID NO:l: 

40 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

45 (ii) MOLECULE TYPE : DNA (genomic) 

( xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 



50 



55 



GCGGATCCGG CCGAGT 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 21 base pa^rs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

( xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
CACTTGATGC CTCCGTGTAA G 
(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 45 base pairs 
(B} TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
TACAATAGTC CCAATCTACC CGAGCTTACA CGGAGGCATC AAGTG 
(2) INFORMATION FOR SEQ ID NO:*: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

( ii) MOLECULE TYPE: DNA (genomic) 

(xi ) SEQUENCE DESCRIPTION: SEQ ID NO 
TACAATAGTC CCAATCTACT CGGGCTTACA CGGAGGCATC AAG^ 
(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 56 base pairs 

(B> TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO:5: 
CCGGAATTCG AATGCCAAAA GACTGGGTCT CCAGGAACCA ACTCGGCCGG 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 56 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SBQ ID NO:6: 
CCGGAATTCT GGTTCCTGGA GACCCAGTCT TTTGGCATTC ACTCGGCCGG ATCCGC 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 54 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
GGAATTCCGT CCCAGTGATG AAGATCGCAG CGCCCGAGAC TCGGCCGGAT CCGC 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 52 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
GGAATTCCCT CGGGCGCTGA TCTTCATCAC TGTCCCACTC GGCCGGATCC GC 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 
GGAATTCCCG AGGAAGGTAG ACGCAATGGC GGCACTCGGC CGGATCCGG 
(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GGAATTCGCA GCCATTGCGT CTACCAACCT CGGGACTCGG CCGGATCCGG 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 56 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CCACCTCTCA CTTGAGCGTC CCAGTGTCAA TACGGCGGAG CCTATGGAGT AACGCC 
(2) INFORMATION FOR SEQ ID N0:12: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 57 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GCAAAAGGCC AGGAACCGAT AAAAGGATGC GTTGCTGGCG TTACTCCATA GGCTCCG 
(2) INFORMATION FOR SEQ ID N0:13: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH r 70 base pairs 
<B) TYPE: nucleic acid 
<C) STRANDEDNESS : double 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
CCGGAGCTGA ATGAAGCCAT ACCAAACGAC GAGOTrGACA CCACGA^CC TOCAGCAATG 

GCAACAACGT 

(2) INFORMATION FOR SEQ ID NO:14: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 
GTATTCTGCT GCTCTGTTCC GCCTCGGGTA GACACGTTGT TGCCATTGCT 
(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
GGATTCGCCT CCAGATCTGG TCCTCGGGTA GACCCGGAGC TGAATGAAGC 
(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l6: 
CATCGTGGTG TCACGCTCGT CGT 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 17: 
ATACGGGTTA CTGATGATGA ACATGCCCGG TTACTGGAAC GTTGTGAGG 
(2) INFORMATION FOR SEQ ID NO: 18: 



21 



EP0 684 315 A1 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 57 base pairs 

(B) TYPE; nucleic acid 

(C) STRAND ED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18: 
GAGAATTCGT GGACTGCAGA TCGTTGACGT GATTACCCTC ACAACGTTCC AGTAACC 57 
(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 55 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GAGAATTCGT GGACTGCAGA TGTCTCCAAT CCCCCCTCAC AACGTTCCAG TAACC 55 



Claims 
1. 



*r2ss^*«rr - 50,0 M 

having strand displacing activity and lacking 5'-3' axonuclease act.v,ty, 
ii) deoxynucleoside triphosphates, 

The m«h« of Claim . » »* pol»™r» 8 i. rtcM <™ •» <W — <> " *» 

polymerase and Bst polymerase. 
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The method of Claim 2 wherein the restriction endonuc.ease is seiected from the group consisting of 
Bsrl, BstNl, BsmAI, Bsll, BsoBI and BstOL 

w a «,s. an***- ^^"^^^^.ndrf -h 

Lin7 *£) a*«Y and l.c»9 <W a"™*-, acwlv. 

ii) deoxynucleoside triphosphates, 

hemimodified restriction endonuclease ""O^^^^'i^ singl9 stranded fragment 

sr.- v&£££sr>2?£& • « — — 

» 5 . Th. m«od o, CUn, 4 . do*. ««M « »»« " 

gonorated by a method cowan? frrnimn compfisino tha tacool 

^ZT^^ZSS^^ » - - — 

strands of the nucleic acid fragment; frafime nt thereby producing a first 

srssr: r ss^a^ ^ - - — 

oTSSS^ « and — nd «—» * — *" 01 ' ** 6 '"" Pe, 

S3, comprising the target sequence which are amplif.able by SDA. 
_ The method of Claim 5 wherein the DNA poiymerase is selected from the group consisting o, Bca 
so polymerase and Bst polymerase. 

The method of Cairn 6 wherein the thermophilic fiction endonuc.ease is se.ected from the group 
consisting of Bsrl, BstNl, BsmAI, Bsll. BsoBI and BstOI. 

A method for amplifying a ^^ n ^ P *J* stranded nucleic acid fragment comprising the 
a) binding an amplification onmer ^^V^^aZ amp.ification primer comprising a 
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nucleic acid sequence and binding to the fragment 3' to the target sequence; 

b) extending the amplification primer on the fragment in the presence of 

i) a thermophilic DNA polymerase, the polymerase being active between about 50 C and 70 C. 
having strand displacing activity and lacking 5--3 1 exonuclease activity. 
5 ii) deoxynucleoside triphosphates, 

Hi) at least one substituted deoxynucleoside triphosphate, and 

iv a thermophilic restriction endonuclease which nicks the recognition/cleavage s,te when the srte 
is hemimodified by incorporation of the derivatized deoxynucleoside triphosphate, the en- 
donuclease being active between about 50 • C and 70 • C, 
,o thereby producing a first extension product of the amplification primer compnsing a first newly 
synthesized strand; 

c) displacing the first extension product from the fragment; 

d synthesizing a complementary strand for the first extension product in the presence of at least 
one of the substituted deoxynucleoside triphosphates, thereby generating a double stranded hem.- 
1* modified restriction endonuclease recognition/cleavage site; 

S nickVng the double stranded hemimodified restriction endonuclease recognition/cleavage srte with 
the thermophilic restriction endonuclease; . , 7aH 

d) extending from the nick using the polymerase, thereby displacing the first newly 

strand from the fragment and generating a second extension product con.pns.ng a second new.y 

;Ca^*nicki a n n g d: extending and discing steps such that the target sequence is amplified. 

9. The method of Claim 8 wherein the DNA polymerase is selected from the group consisting of Bca 
polymerase and Bst polymerase. 

25 10. The method of Claim 9 wherein the thermophilic restriction endonuclease is selected from the group 
consisting of Bsrl, BstNl, BsmAI, Bsll. BsoBI and BstOL 
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FIG-2 
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T2 
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dGTP. dCTP, TTP AND 
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POLYMERIZE AND 
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HYBRIDIZE SDA PRIMERS TO DISPLACED STRANDS 
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